Objective: To evaluate the safety and efficacy of a 5 mg sublingual dose of zolpidem, compared to a 10 mg oral dose, at bedtime and ''as needed'' following middle-of-the-night awakenings. Methods: Participants were randomized into an oral group (oral zolpidem 10 mg and sublingual placebo at bedtime and ''as-needed'') and a sublingual group (oral placebo and sublingual zolpidem 5 mg at bedtime and ''as-needed''). Participants underwent medical evaluation, polysomnography, the psychomotor vigilance test, and completed questionnaires. Results: Of 85 patients, 67 met the criteria for insomnia (48610 years; 79% women) and were randomized. Of these, 46 completed 9265 days of treatment. Mild-to-moderate adverse events were reported by 25% of the participants, including headache, sleepiness, and dizziness. Both treatments decreased middle-of-the-night awakenings by an average of -3.162.3 days/week and increased total sleep time by 1.5 hours. Changes in sleep quality and insomnia severity scores were also favorable and comparable between groups: variation depended on continuation of treatment. Regarding PSG findings, sleep latency decreased more in the sublingual group than the oral group (-14642 vs. 10629 min; p = 0.03). The psychomotor vigilance test showed minor residual effects 30 minutes after awakening, which reversed after 2 hours. Conclusions: The safety and efficacy of both zolpidem formulations are comparable. The sublingual 5 mg dose induced sleep more rapidly. Clinical trial registration: NCT01896336
Introduction
Chronic insomnia is one of the most common sleep disorders, affecting one third of the population, and should receive greater recognition. 1, 2 Symptoms are considered clinically relevant if they occur at least three times/week and persist for 3 or more months despite adequate sleep opportunities, leading to sleep dissatisfaction. 3 Some insomnia patients underestimate total sleep time (TST). It is hypothesized that these individuals have higher cortical arousability and self-reported rates of insomnia, as well as other psychiatric symptoms. Other patients, however, might complain less but present objective sleep disturbance, being at higher risk of metabolic or cardiovascular outcomes. 4 From a mental health point of view, it is unlikely that insomnia, either chronic or recurrent, is the sole disorder, but is rather part of a complex multimorbidity. Untreated individuals are in a state of chronic sleep deprivation and have an increased risk of accidents, 5 work or social problems, and compromised health and quality of life. 1, 2 According to regulatory agencies, non-benzodiazepine GABA-A receptor agonists are a standard insomnia treatment, and prescription rates are on the rise. 1, 2, 6, 7 Zolpidem is the most popular non-benzodiazepine GABA-A receptor agonist. In therapeutic dosages, it reduces sleep latency and the frequency of nocturnal awakenings and increases TST and sleep efficiency. Pharmacokinetic parameters could differ for women and older adults, and have been associated with increased residual impairment and adverse events. 8 These findings have led the U.S. Food and Drug Administration to recommend lower initial dosages for these patients. 9 Nevertheless, mid-and long-term trials focusing on objective and subjective measures of effectiveness are scarce, 10 as are descriptions of complementary therapeutic schemes or dosing regimens. 11 The purpose of our study was to evaluate the mid-term safety and efficacy of a 5 mg sublingual dose of zolpidem for reducing sleep latency when administered at bedtime, and ''as needed'' following middle-of-the-night (MOTN) awakenings, compared to the traditional oral 10 mg dose. To achieve these goals, we designed a three-month randomized, controlled, and double-dummy trial, in which we tested the patients' clinical improvement, reported adverse events, and changes in subjective and objective sleep measures.
Methods

Sampling and design
The prospective participants were adults (20-64 years) who reported nocturnal awakenings predominantly before 3:00 a.m. and who had not used psychoactive drugs in the 30 preceding days. Referrals and online subscriptions to the Sleep Institute's website were channels for recruitment. Exclusion criteria were: 1) a history of major neurological, psychiatric, or other medical disorders; 2) a history of substance abuse/dependence; 3) a history of daily alcohol use; 4) pregnancy, lactation, or intending to conceive; 5) an apnea and hypopnea index (AHI) 4 10 events/hour; 6) a periodic limb movement index 4 15 events/hour; and 7) blood alterations suggestive of an undiagnosed medical condition.
The protocol included five onsite visits. The first was for screening, when participants gave written informed consent and were examined. The second was for randomization, scheduled the morning after polysomnography (PSG). The third, fourth, and fifth were follow-up visits. Performance was measured with the Psychomotor Vigilance Test (PVT) which was self-applied twice during the day: 30 minutes and 2 hours after awakening. After lab and tests results, the patients were reassessed for continued inclusion.
Eligible participants were assigned (1:1) to receive active doses of zolpidem either as sublingual 5 mg or oral 10 mg tablets. Because sublingual and oral tablets cannot be made to look and taste alike, a double-dummy technique was used with matching placebos of both formulations, which assured participant and investigator blinding. The oral group received kits consisting of oral zolpidem 10 mg and sublingual placebo, which was used at bedtime and ''as-needed.'' The sublingual group received sublingual zolpidem 5 mg and an oral placebo at bedtime, and sublingual zolpidem 5 mg ''as-needed.'' Placebos were indistinguishable in size, shape, color, and taste. Visits 3, 4, and 5 were follow-ups scheduled at weeks 2, 6, and 13, when the kits were dispensed, and unused medication was collected and counted. The bottles provided to participants contained enough tablets for the period between visits. The sponsor provided boxed kits numbered according to a randomization list with sealed envelopes identifying treatment.
Procedures and instruments
All visits included a medical evaluation, application of questionnaires, and the distribution and collection of sleep diaries. PSG, the PVT, electrocardiogram, and blood testing were performed twice, once before randomization and again during the final visit. Patients were instructed to take a maximum of one tablet from each bottle per night (bedtime and as needed) and record it in their sleep diaries.
Two sleep specialists performed the evaluations. At screening, the participants' history of insomnia, medication use, comorbidities, and related symptomatology were investigated, and adverse events and clinical improvement were assessed during follow-up. Heart rate, blood pressure, and body mass index were assessed in physical examinations. A 12-lead digital electrocardiogram system (Wincardio System, Micromed, Brasília, Brazil) was used. Blood tests included a complete cell count and assessed liver, renal, and thyroid functioning.
Sleep diaries
Sleep diaries were used to collect data on medication use and sleep schedules. Based on their data, the following were estimated: 1) medication time; 2) bedtime; 3) sleep duration; 4) time of rescue dose (''as-needed'' tablet); 5) wake time; 6) rise time; 7) number of nights in which the regular dose was taken ; 8) number of nights in which a rescue dose was taken; 9) number of nights with sleeponset latency 4 30 minutes; 10) number of nights that MOTN awakenings occurred; 11) perceived TST; 12) calculated TST (sleep time minus wake time); 13) sleep efficiency (TST/time-in-bed); 14) alcohol consumption; and 15) mood and sleep quality ratings. 12 
Questionnaires
The Pittsburgh Sleep Quality Index evaluates sleep schedule, frequency of insomnia/nighttime symptoms, and level of sleep-related problems in the last month. The global score varies from 0-21, and scores 4 5 indicate poor sleep quality. 12, 13 The Insomnia Severity Index includes seven Likert scales (scored 0-4) that evaluate symptoms and dissatisfaction/distress in the past two weeks. Scores 4 7 (up to 28) indicate clinically meaningful insomnia. A reduction of X 8 points suggests at least moderate improvement after treatment. 12, 14 The Karolinska Sleepiness Scale measures alertness in the present moment on a scale from 1-9 (''extremely alert'' to ''very sleepy/great effort staying awake/fighting sleep''). Electrophysiological signs of sleepiness, such as slow eye movement and alpha-power density, correlate with ratings X 7. 15 Objective sleep, alertness, and performance measures PSG was performed with a digital system (EMBLA ® S7000, Embla-Systems, Broomfield, CO, USA). Sleep stages, respiratory events, and leg movements were scored according to American Academy of Sleep Medicine criteria. 16 The selected variables were TST, sleep-onset latency, wake after sleep onset, sleep efficiency, arousal index, percentage of each sleep stage, rapid eye movement (REM) sleep latency, AHI, minimum oxyhemoglobin saturation (SaO 2 ), and periodic limb movement index.
The PVT measures the response to visual stimuli (PVT-192, CWE, Inc., Ardmore, PA, USA). During the 10minute test, patients are instructed to press a button when a light randomly appears on the screen every few seconds. Data are collected on sleepiness, number of errors, hits, lapses, and reaction time. 17 
Outcome measures
Treatment compliance was defined as the use of bedtime medication at least 75% of the nights, which was verified using sleep diary data and tablet counts during follow-up visits. Clinicians rated adverse events by their level of association with the study medication (unrelated, possibly related, or probably/certainly related), and decided whether to continue or discontinue treatment. Means and frequencies from the diary data were computed weekly and for the entire treatment period. For delta values, means from the third and final phase of the treatment period (between weeks 6 and 13) were subtracted from baseline means, or from the first and second phase means (i.e., day 1 until week 6). Ordinal responses to the questionnaires were dichotomized to estimate changes in sleep satisfaction. Clinical improvement referred to positive changes in sleep and functioning, as well as symptom remission as rated by physicians during follow-up visits. Partial or no improvement included persistent symptomatology and/or sleeprelated problems.
Statistical analysis
Sample size estimation (30/group) aimed at finding differences in the proportion of patients with decreased MOTN awakenings and sleep onset latency (20% in oral 10 mg and 70% in sublingual 5 mg) with 80% power and a 5% error rate. Attrition was expected to be 10%. Descriptive statistics are presented as absolute frequency and percentage for categorical variables and mean 6 standard deviation for continuous variables. Associations between the categorical variables were measured in cross-tabulations with chi-square or Fisher's exact tests. Analysis of variance/covariance was used to compare group means and were performed through general linear models. Confidence intervals were adjusted with Bonferroni correction, and effect size (Eta 2 ) and observed power were used to evaluate type I and II errors. Mauchly's test of sphericity, with the Greenhouse-Geisse correction for degrees of freedom, was used for repeated measures without assuming equal variance. The frequencies of medication use and nights in which a rescue dose was taken were used as covariates in general linear models for PSG and PVT parameters, controlling for possible residual effects. Intention-to-treat analysis was performed and every randomized participant was included in the analyses. Missing data were replaced by using the last observation carried forward method, in which the last available measurement for each individual prior to discontinuation from the study was retained in the analysis. 18 Sleep diary data analysis included use of general estimating equations, which do not assume the normality of the dependent measure and allow the selection of different types of distribution probabilities. Since they also allow all recorded daily values to be examined, they were used to evaluate ''daily'' variations in perceived TST across all treatment phases and to control for possible interaction effects with bedtime, rescue medication, baseline insomnia severity, and age.
Ethics statement
The study protocol was approved by the Universidade Federal de Sã o Paulo research ethics committee (protocol 184.648), and the study was registered in Clinical-Trials.gov (NCT01896336).
Results
The mean 6 standard deviation number of days between screening and randomization was 664. Follow-ups at weeks 2, 6, and 13 occurred 1562, 3164, and 4664 days after the previous visit, respectively, totaling 9265 days of treatment and 9865 days in the protocol (between March and November 2013).
Study population
Of the 85 screened individuals, 18 (21%) were not randomized due to reasons presented in the study flow diagram ( Figure 1 ). The 67 participants were middle-aged (48610 years), and most were non-obese women (n=53; 79%) whose average insomnia duration was 1369 years and who took at least one dose of study medication. All participants attended the week 2 follow-up and were evaluated by clinicians, but not all had completed their sleep diaries and questionnaires or had PSG or PVT measures collected. Participants who completed the protocol (n=46; 69%) and those who did not had similar baseline characteristics. However, those who did not complete the protocol had more adverse events and fewer signs of improvement. The treatment groups also presented similar baseline characteristics ( Table 1) .
Adverse events
Seventeen of the 21 participants who did not complete the protocol reported adverse events (25% of the total group), seven did not wish to continue (10%), and 10 were discontinued on medical advice (15%). Of those who did not wish to continue, three were from the sublingual group and four were from the oral group, mostly women with mild-to-moderate headaches, dizziness and/or gastrointestinal symptoms who had lower compliance rates and concurrent life events. Of the 10 who discontinued based on medical advice, four presented moderate to severe events associated with emotional instability or gastrointestinal symptoms, but recovered within a few days of discontinuation: three of these were in the oral group and one was in the sublingual group. The other six presented persistent mild-to-moderate adverse events or were in need of medication that could interfere with the study's outcomes. The difference in discontinuation frequency between treatment groups was not significant (Figure 1 ).
The investigators registered 152 adverse events, 58 (38%) unrelated to the study medication, 69 (45%) possibly related, and 25 (16%) probably/certainly related. Headache, sleepiness, and dizziness were the most likely events to be treatment-related. The proportion of patients with adverse events did not differ between groups, but the number of treatment-related adverse events leading to discontinuation was higher in the oral group than the sublingual group (29%, n=24 vs. 13%, n=9; two-sided p = 0.02). See Table 2 for further information.
Efficacy analyses
Inter-and intragroup sleep diary variance before and after treatment
Both treatments significantly decreased the number of nights per week with MOTN awakenings, on average by -3.162.3 days. Before treatment, the sublingual group reported MOTN awakenings an average of 75% (95%CI 62-88) of the nights each week, which was reduced to 36% in the third phase of the treatment period. The oral group reported MOTN awakenings an average of 87% (71-100) of the nights before treatment, which was reduced to 43% in the third phase of the treatment period. Accordingly, a mean increase of 1.5 hours perceived TST was reported by both groups, with a proportional increase in sleep efficiency (Table 3 ). Sleeponset latency was the only variable from the sleep diary with an interaction effect and an intergroup difference. There was a greater decrease in sleep-onset latency in the sublingual group than the oral group, even though its baseline values were higher (78 vs. 51; p = 0.03; effect size = 0.10; observed power = 0.61) ( Table 3) . When comparing group means from the first and second phases of treatment vs. those from the third phase, no intergroup differences were detected in the percentage of nights in which a rescue dose was taken or the number of ''as needed'' tablets used per week of treatment. Complementary and detailed analyses of sleep diary data are presented in Table 4 .
Changes in insomnia severity and sleep quality indexes
No significant differences were found in the general linear model between mean questionnaire scores at baseline and the third phase. The mean reduction in Pittsburgh Sleep Quality Index scores was modest but significant, both in the sublingual (mean difference: -3.464.1) and the oral group (-2.663.4). However, the changes in Insomnia Severity Index scores were more marked, -11.365.5 and -10.466.1, respectively (Table 3 ). In the per-protocol analysis, including only individuals who fully completed the trial, the frequency of sleep dissatisfaction according Data presented as number of events (number of patients). Continued = continued in the protocol; Discontinued = discontinued participation in the study under medical advice.
In the Total column, the numbers in parentheses may be higher than the total number of participants, since participants could report more than one adverse event during the study.
Braz J Psychiatry. 2020;42 (2) Sublingual and oral zolpidem for insomnia to the Insomnia Severity Index at week 13 was significantly lower in the sublingual group (16 vs. 43%; chisquare: p = 0.04).
Objective sleep and signs of residual effects
Findings for the PSG variables were similar to and corroborated those from the sleep diaries. For PSG TST, both groups had a mean increase of 30 minutes from baseline (Table 3) . Differences in wake after sleep onset were not significant. As seen by the large standard deviations, individual changes varied consistently, particularly in the sublingual group (mean difference: -576226) and in contrast with the oral group (-26665). Sleep-onset latency was the only statistically significant factor: the sublingual group decreased by -14642 minutes, while the oral group increased by 10629 minutes (p = 0.03). The findings were similar after controlling for the percentage of rescue dose nights. Additionally, use of a rescue dose was found to have an interaction effect with changes in TST, sleep efficiency, REM latency, and the respiratory-related variables ( Table 3) . PVT scores showed minor signs of residual effects. Both groups had a slight increase in sleepiness 30 minutes after awakening, which reversed after 2 hours. A small group difference was observed in the number of lapses after 30 minutes, which also reversed after 2 hours. Sleepiness ratings in the Karolinska Sleepiness Scale corroborated the PVT results (Table 3) . We further compared PVT variables between patients who had taken (n=8) as needed medication or not (n=38) on the night of PSG and found no differences in sleepiness (p = 0.47) or lapses (p = 0.37) 30 minutes after awakening.
Intragroup sleep diary variability
Patients handed in a total of 5,053 sleep diaries: 2,761 (55%) from the sublingual group, 2,292 (45%) from the oral group, and 578 (11%) from participants of both groups who discontinued the treatment protocol. All available data are described below. Of all the reported nights, 269 (5%) were from the baseline period (664 days), 1,027 (20%) from baseline until the week 2 visit (after 1562 days), 1,657 (33%) from week 2 to week 6 (after 3164 days), and 2,100 (42%) from week 6 until the final visit (after 4664 days). Bedtime (11.1 p.m. 6 1.2h) and ''as needed'' (1.9 a.m. 6 2.8h) medication were reported for 96% and 12% of the nights, respectively. The total number of nights with reported ''as needed'' rescue doses were higher in the sublingual group than the oral group (n=366 nights [14%] vs. n=193 nights [9%]; p o 0.05). Table 4 presents the number of sleep diaries collected at each visit and the valid percentages of complete data reported for each variable, such as the percentage of nights with sleep-onset latency 4 30 minutes (39%), MOTN awakenings (45%), TST 4 6 hours (59%), and ratings of good mood and having had a good night's sleep after awakening (58%). Figure 2 compares histograms of sleep diary data throughout the protocol period for both treatment groups, including nightly variations in the number of patients reporting MOTN awakenings or not and whether they took a rescue dose or not. The pattern of rescue dose usage tended to decrease between the first and third phases of treatment in both groups, suggesting no dose escalation or abuse.
According to repeated analysis of the sleep diary data with general estimating equations, controlling for bedtime, the use of rescue doses, age, and baseline insomnia severity, there was no difference between groups in baseline perceived TST. The TST increase in both groups differed somewhat over the treatment phases, there was an interaction effect (Wald w 2 : 94.1; df: 7; p o 0.001). In the oral group, there was a TST gain of 1.3 hours in the first phase of treatment, which was sustained until week 13. In the sublingual group, there was a TST gain of 1.2 hours in the first phase, followed by a mean, progressive, and cumulative increase of 0.2 hour (12 minutes) between the first and second phases, as well as between the second and third phases. MOTN awakenings that led to a rescue dose of medication were associated with a small decrease in perceived TST in the oral group (B: -0.11; Wald w 2 : 11.3; degrees of freedom: 1; p = 0.001) but not in the sublingual group (B: -0.01; Wald w 2 : 0.1; degrees of freedom: 1; p = 0.77). Bedtime (B: -0.03; Wald w 2 : 23.6; degrees of freedom: 1; p o 0.001), but not age or baseline insomnia severity, also exerted a small independent effect on perceived TST.
There was clinical improvement in 37 (55%) participants after completing the protocol: 23 (68%) in the sublingual group and 14 (42%) in the oral group (p = 0.05). Most of these participants (n=23) improved after week 6. Additionally, 11 (16%) participants presented early improvement followed by symptom recurrence, and there was no clinical improvement in 19 (28%) participants. There was no symptom remission in 30 of the randomized participants by the end of the study.
Discussion
Our main objective was to describe the safety and efficacy of different dosages and treatment schemes of zolpidem in a 3-month trial. Patients from both groups presented no abuse-related behavior and no adverse events severe enough to discourage either drug formulation, which agrees with previous findings. 8, 9, [19] [20] [21] Both treatments increased TST and sleep efficiency and decreased wake after sleep onset. Regarding sleeponset latency, the sublingual version had faster absorption and distribution rates, reaching higher concentrations and inducing sleep more rapidly. [22] [23] [24] [25] [26] However, an important factor that we failed to control for was the impact of food/ingestion on pharmacokinetics. 27 Greenblatt et al. showed that taking zolpidem on a full stomach decreases the maximum concentration and increases the chance of residual sedation.
The influence of gender is also significant. 8, [28] [29] [30] Our findings suggested a higher dropout rate among men, although we did not have a representative number of men, and thus could not detect whether this was an interaction effect. In women, especially older women, perhaps 10 mg was a high dose, as has been stated by the U.S. Food and Drug Administration. Moreover, a 5 mg dose may not have been effective in men.
Taking rescue doses might have led to small changes in sleep architecture, such as changing REM latency or slow-wave sleep, or to changes in sleep quantity and quality, increasing TST and sleep efficiency. These results are supported by the findings of Roth et al., 31 who found a dose-dependent effect on the same sleep parameters with even lower doses. These authors reported that improved sleep architecture led to better subjective outcomes, and our findings point in the same direction. It should be mentioned that our use of the last observation carried forward method to deal with missing values or intention-totreat analyses was a conservative measure. It could have underestimated associations, not only with PSG results, but with PVT scores as well. Nevertheless, the participants' performance and sleepiness results did not suggest unmanageable residual effects. Studies using different methods, mostly in healthy individuals, have also found no signs of relevant residual sedation, though patients should always be advised about the risks of activities that require alertness early in the morning. 8, 21, 24, 26, 31, 32 Regarding clinical improvement, even though we performed no inter-rater agreement tests between clinicians, they were trained and experienced, as well as blinded. About half of the patients ended treatment with clinically significant symptom remission. Of those whose symptoms recurred, most were in the oral 10 mg group, which was also reflected in sleep dissatisfaction ratings in the questionnaires. The majority of those who had no meaningful improvement had discontinued treatment due to adverse events.
A randomized trial by Morin et al. 20 evaluated cognitive behavioral therapy (CBT) for insomnia, applied either alone or associated with 10 mg oral zolpidem. After 6 weeks, the CBT-only group remained in the same treatment protocol. Patients in the combined therapy group either continued in the same treatment protocol or switched to CBT alone. After 12 weeks, symptom remission was higher among patients from the combined therapy group that switched to CBT alone than in those who remained in combined therapy (68 vs. 42%). We observed the same success rates in our treatment groups: 42% in the oral group (n=14) and 68% in the sublingual group (n=23) after the same treatment time, only without CBT. It is possible that the availability of rescue medication gave some patients a sense of control that contributed to lower sleep anxiety and MOTN awakenings. Perlis et al. 11 suggested something similar in a trial testing intermittent zolpidem doses with and without placebo.
The present study has certain limitations. The heterogeneity and the night-to-night variability in sleep patterns of insomnia patients is hard to address and has been heavily investigated. 2, 4, 33, 34 Our sample included patients with different durations of insomnia and different histories of psychoactive drug use, and we did not control for possible exposure to previous behavioral interventions, although none of the participants reported previous CBT. Moreover, there was a higher proportion of women, which could increase the probability of slower pharmacokinetics, and we did not control for menopausal status.
It is difficult to recruit patients with untreated insomnia, which contributed to our small sample size. We sought to address this limitation by applying general estimating equation models. Our study is one of the few to have used more robust statistical procedures that can adequately handle a large number of repeated measures, such as the data from the sleep diaries. With general estimating equations, we were able to identify ''daily'' predictors of changes in perceived TST throughout treatment and the ''size'' of those changes.
In summary, and in agreement with recommended guidelines, our findings reaffirm that initial lower doses of zolpidem can achieve better overall treatment outcomes while lowering the occurrence of adverse events.
For some patients, higher dosing regimens may be needed, for others, having rescue medication on hand might be helpful. In a meta-analysis on the effectiveness of non-benzodiazepine GABA-A receptor agonists, Huedo-Medina et al. 7 found that placebo response accounts for, on average, about half of the drug response. Similarly, according to findings by Perlis et al., 11 alternating nights of drug-therapy and placebo, or stipulating the number of nights per week that a rescue dose can be taken, or other innovative strategies, are potential avenues for clinical and behavioral research and interventions among insomnia sufferers.
In conclusion, both sublingual zolpidem 5 mg (with ''as needed'' medication) and oral zolpidem 10 mg showed comparable safety and efficacy. Both treatments reduced the number of nights with MOTN awakenings and increased perceived TST. Clinical improvement occurred in 55% of the participants, of whom 68% received the sublingual formulation. Sublingual zolpidem was more rapidly absorbed, induced sleep faster, and resulted in a higher frequency of sleep satisfaction.
